This paper explores open source as a metaphor for e-learning. It builds the case that e-learning and open source movement are rooted in the constructivist movement and the constructivist movement is itself rooted in the pragmatism and instrumentalism that pervades John Dewey's theories of understanding as applied to learning. As a result, it is recommended that the use of open source as metaphor for e-learning be further explored in three areas: instructional practices, instructional platforms, and instructional philosophy.
Introduction
Metaphors have proven to be a highly useful tool in the development of theories in the social sciences (Hartzell, 2004; Kendall & Kendall, 1993; Levassuer, 2004; Wang, 2004) . At a minimum, they provide a convenient means by which to create a taxonomy; the first step towards description, then prediction and finally to understanding (Kerssens-van-Drongelen, 2001 ; Lewis & Grimes, 1999; Lynham, 2000) .
At a practical level, metaphors become essential elements that comprise the everyday language among specialists (Cook-Sather, 2003) . For example the statement, "The computer is down," indicates the functional or operational status of a computer (including its programs or software) as opposed to a spatial relationship or orientation. Those familiar with the jargon share this common understanding (Gozzi, 2000) .
However such common understandings are the exception, not the rule. The term information superhighway as a metaphor for the Internet has been substantially replaced by cyberspace as a metaphor (Barta-Smith & Hathaway, 1999) . But are they the same? And will cyberspace be replaced by yet another metaphor when wearable computers move from the realm of the exotic to the realm of mass-produced commodity?
These types of questions are of great practical import for educators. Widespread acceptance of online education (as a format of distance learning) has implications far beyond enrollment patterns. It signals underlying, significant changes in how a substantial number of institutions, educators, and their clientele perceive three key factors that essentially frame how online education is implemented: instructional practices (design and delivery), instructional platforms (educational technologies in the Material published as part of this journal, either online or in print, is copyrighted by the publisher of Informing Science. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission and payment of a fee. Contact Editor@inform.nu to request redistribution permission.
broadest sense) and instructional philosophies.
The paradigm shift is exemplified by the term e-learning (often used interchangeably with online education and distance learning). The confluence of web-based technologies; continued advances in digital storage; processing and media; and the ongoing boutique approach to software development are at the heart of e-learning. The confluence produces education and learning that become more ubiquitous and more engaging. What emerges is the proverbial "whole that exceeds the sum of its parts."
An adroit way to begin to comprehend the "whole" would be to use a proven approach in the social sciences: identifying an appropriate metaphor that promotes common understanding about elearning. There is nothing revolutionary about such an effort. At the turn of the 20 th Century theorists in educational administration adopted a mass production metaphor for public education and subsequently set in motion instructional practices, platforms, and philosophies that remain firmly entrenched today (Dever & Barta, 2001) although new paradigms using naturalistic models such as chaos theory and complexity theory are being considered (Evers & Lakomski, 2001) .
So here at the turn of the 21 st Century educators are presented with this thing known as e-learning where education is delivered online on a mass customized basis using various electronic media. E-learning is often touted as a means to reduce institutional expenses, increase institutional revenues, or both (Harvey, 2004; Moallem, 2004; Porter, 2003) .
In addition, e-learning applications initiatives by higher education institutions are considering the open source software/product where the software/ product is freely available for delivering education online (Coppola & Neelley, 2004) . Siemens (2003) suggests that the benefits of the open source model are increased quality, greater stability, superior performance, and improved functionality. Reduced vendor reliance, reusability, reduced costs, auditability (users validating security), reliability, and rapid fixes to bugs/problems are among other benefits open source model can offer.
Regardless of what is real about e-learning versus what is hype, there is a need to identify a metaphor that may be used to better understand e-learning (Kaplan, 2004; Terrio, 2002; Umbach, 2001) . A corollary need is to frame or articulate criteria that may be used to identify a metaphor (Gozzi, 1999; Lipton, 2003) . Doing so enables researchers and practitioners an opportunity to explore phenomena such as serendipitous learning that occurs online and the ways in which online learning may be multidimensional in nature as opposed to linear or goal-driven. It provides researchers and practitioners an opportunity to explore models of online learning that emphasize the learner or user as opposed to the content, the technological platform, or issues of intellectual property.
Purpose of the Paper
The purpose of this paper is to establish a philosophical linkage that enables one to explore open source as a metaphor for e-learning. To accomplish this objective, this paper presents the case that: (1) e-learning and open source movement are rooted in the constructivist movement and (2) the constructivist movement is itself rooted in the pragmatism and instrumentalism that pervades John Dewey's theories of understanding as applied to learning. This paper is organized in manner consistent with its purpose. Open source; open source and elearning; open source and learning objects; and open source and open standards are defined and discussed followed by discussion of theories and principles. Next, the discussion focuses upon presenting the case -a philosophical linkage which defines the conceptual fit between e-learning and open source. The paper concludes with recommendations for exploring open source as a metaphor for understanding e-learning in three key areas: instructional practices, instructional platforms and instructional philosophy. Finally, recommendations for carrying out future research are made.
The philosophical linkage presented in this paper is exploratory. It is (to use vernacular) a conceptual treatment or thought piece. This paper is meant only to generate further exploration regarding the theoretical efficacy of the metaphor and only to suggest potentially beneficial methodological approaches to examine the efficacy of the metaphor.
The comprehensive discussion of any of the key concepts is beyond the scope of this paper. It is hoped that this paper will engender interpretive nuances that will add depth to the breadth of the discussion herein.
What is Open Source?
Open source refers to software's source code that is freely available to anyone who wishes to extend, modify, and improve the code. Some examples of open source projects are Linux (http://www.linux.org), Apache (http://www.apache.org), Mozilla (http://www.mozilla.org), and OpenOffice (http://www.openoffice.org).
The GNU project (http://www.gnu.org) defines free software as "a matter of the users' freedom to run, copy, distribute, study, change and improve the software." Particularly, attention is given to four freedoms. They are:
• The freedom to run the program, for any purpose (freedom 0).
• The freedom to study how the program works, and adapt it to your needs (freedom 1).
Access to the source code is a precondition for this.
• The freedom to redistribute copies so you can help your neighbor (freedom 2).
• The freedom to improve the program, and release your improvements to the public, so that the whole community benefits (freedom 3). Access to the source code is a precondition for this.
The open source model encompasses a set of principles and values that ensure the integrity of open source software. Open Source Initiative (http://www.opensource.org), a not-for-profit organization has proposed 10 items that are widely accepted by the open source community. These items are:
1. Free redistribution 2. Source code must be included 3. Derived works -allow modifications 4. Integrity of the author's source code 5. No discrimination against persons or groups 6. No discrimination against fields of endeavor 7. Distribution of license 8. License must not be specific to a product 9. License must not restrict other software 10. License must be technology-neutral
Open Source and E-Learning
E-learning is the delivery of education (all activities relevant to instructing, teaching, and learning) through various electronic media. The electronic medium could be the Internet, intranets, extranets, satellite TV, video/audio tape, and/or CD ROM. • The software evolves more rapidly and organically.
• Users' needs are rapidly met as the OSS [Open Source Software] model harnesses their collective expertise and contribution.
• New versions are released very often and rely on the community of users and developers to test it, resulting in superior quality software tested on more platforms, and in more environments than most commercial software.
• The development "team" is often largely volunteers, distributed, many in numbers, and diverse. Often, paid members of the development team will manage the project and organize the work of the volunteers.
• Security is enhanced because the code is exposed to the world.
Furthermore, the authors believe that the open source model promotes collaboration and sharing of resources. It creates a community of people that work together to achieve common goals. Specifically, in the open learning environment, Coppola and Neelley (2004) suggest that open source model promotes freedom to choose, increases user access/control, encourages link to a global community, promotes quality, and enhances innovation in teaching and learning.
The e-learning movement toward open source model has been evident in the recent years. There are many open source projects dedicated to e-learning. Below is a list of several selected organizations that are involved in helping professors build their e-learning courses:
• 
Open Source and Learning Objects
The latest entrant in the e-learning environment is learning objects. Learning objects are small pieces of instruction that are granularized and reused in various instructional contexts. Learning objects are stored in repositories. Through a repository, learning objects are accessed and reused in various instructional contexts.
IEEE (2000) defines a learning object as "any entity, digital or non-digital, which can be used, reused or referenced during technology supported learning."
Wiley (2000) defines a learning object as "any digital resource that can be reused to support learning. This definition includes anything that can be delivered across the network on demand, be it large or small." He further asserted that a balanced granularity gives the learning object increased flexibility for reusability.
Learning Objects have many benefits. These benefits are reduced costs, personalized learning, interoperability, standardization, and customization (Elearnspace, 2004 Creators of learning objects can submit their products to the ISLO repository. The learning objects in the repository are accessed by anyone around the world. The unique aspect of this repository is that it will not only allow peer review of learning objects, but also it will allow the communities of practice to extend, modify, and improve learning objects within the repository.
Open Source and Open Standards
The basis for open source model is the open distribution of the source code. In other words, anyone can examine, modify, change, and improve the source code. Open standards form the foun-dation for product interoperability (Vento, 2004) . Interoperability is the ability of the product/software to move around multiple platforms. Interoperability ends the product dependency on a specific platform. It allows a product to operate/function in multiple platforms with different protocols and technologies. 
Theories and Principles

Constructivism
Constructivism is rooted in learning theories and principles advanced by Dewey, Piaget, Vygotsky and Bruner. The term constructivism is defined as constructing new knowledge from prior experience (Newby, Stepich, Lehman, & Russell, 1996) .
There are eight principles in which knowledge construction can be facilitated, "(1) provide multiple representations of reality; (2) represent the natural complexity of the real world; (3) focus on knowledge construction, not reproduction; (4) present authentic tasks -contextualizing rather than abstracting instruction; (5) provide real-world, case-based learning environments, rather than predetermined instructional sequences; (6) foster reflective practice; (7) enable context-and content dependent knowledge construction; and (8) support collaborative construction of knowledge through social negotiation." (Jonassen, 1994, p. 35) Constructivists believe that humans are active learners. They construct new knowledge based on their prior experiences. In a constructivism environment, learning becomes an active process of constructing knowledge in such a way that the learner builds on prior knowledge and experience to draw meaning and construct new knowledge. The instructor is a facilitator that encourages interaction and helps creates social disclosure. Honebein (1996) put forward seven goals in designing constructivist learning environments:
1. Provide experience with the knowledge construction process; 2. Provide experience in and appreciation for multiple perspectives; 3. Embed learning in realistic and relevant contexts; 4. Encourage ownership and voice in the learning process; 5. Embed learning in social experience; 6. Encourage the use of multiple modes of representation; and 7. Encourage self-awareness in the knowledge construction process. (p. 11)
In a constructivism environment, knowledge construction takes place in individual contexts and through social disclosure, collaboration, and experience. Learning situations represent the normal complexities of the real world. Multiple perspectives and multiple representations that encourage cooperative and collaborative learning are encouraged.
The constructivism learning theory has been praised by researchers as a compatible and appropriate design for e-learning instruction (Bannan-Ritland, Dabbagh, & Murphy, 2000; Hung, 2001; Hung and Nichani, 2001; Oliver, 1999) .
Instrumentalism
The term instrumentalism refers to an adaptive functional dimension of human thought that enhances the survivability of the individual and the species (McCarthy & Sears, 2000; Wible, 1984) . As applied to learning, instrumentalism refers to controlled inquiry or the directed transformation of an indeterminate situation into one that is so determinate in its constituent distinctions and relations that the elements of the original situation are converted into a unified whole that makes some type of social sense or verification that is internalized by each participant (Hung, 2002) .
Pragmatism
Pragmatism as it is used herein is as Dewey understood it. Dewey's definition of pragmatism is summed up in his concept of the "Reflex Arc Concept" (Bredo, 1998, p. 448 ). Dewey's pragmatism was grounded in more than a simple model of stimulus and response. He argued that the interpretation of a stimulus and the interpretation of a response are grounded within a larger chronological and social context -the Reflexive Arc. Dewey conceived of a stimulus and response differently than a psychologist. To Dewey, a stimulus was some "transaction demanded by nature" while a response is a "historically based adjustment." (Armitage, 2003, pp. 55-58) It is this perspective that offers great potential for more fully understanding the open source movement and the advent of e-learning. Open source and e-learning are "transactions demanded by nature" because they are products of naturalistic processes harnessed by human intervention. Additionally, open source and e-learning represent "historically based adjustments" because the human intervention that harnessed those naturalistic processes represents a conscious choice driven by historical factors including technological advances and changing perspectives on democracy, education, and private ownership.
The Case for the Philosophical Linkage
Constructivism, E-Learning, and Open Source
Freedom via adaptation to changing circumstances is the thread that runs through constructivism, e-learning and open source. Changing circumstances may involve: (1) a change in the needs or desires of the end user, (2) a change in the circumstances of the end user, or (3) a change in the technology (hardware and software) available to the end user. An end user may be an individual, collection of individuals, or technological system on an individual or collective scale.
Under constructivism, formal learning becomes a process of social disclosure facilitated by or enabled by an instructor. As this process of social disclosure unfolds, there is no assumption that there will be or that there should be either predictability or uniformity in terms of what is popularly referred to as learning outcomes.
Similarly, e-learning holds no assumptions as regards the media that learners will employ. It also holds no assumptions as regards the sequence in which various media are employed. Furthermore, e-learning holds no assumptions regarding the duration that various media are employed.
Indeed this fluidity or adaptability is characterized by the term New Media. Consequently, elearning holds that no one single medium is THE medium prescribed for e-learning. E-learning also holds that no single set or collection of media constitute THE set or collection of media prescribed for learning. The choice of a medium or a set of media is only limited by: (1) the state of nature, i.e. the availability and efficacy of any given medium or set of media and (2) historical factors germane to the learner, e.g. prior experience, skills, personal preference, or external influences such as employers. Thus learning is obtained via adaptation to circumstances.
Open source likewise holds no assumptions prescribing the use of or the adaptation of code or product. Code or product is assumed to be infinitely adaptable regardless of technology or platform.
Perhaps, proponents of open source argue that private ownership of code or product deters its adaptation and subsequently reduces its utility. In its extreme, open source assumes that code or product is naturalistic as opposed to mechanistic with the subsequent assumption that something that is part of nature is a commonweal as opposed to a private good.
Just as e-learning assumes no boundaries or limits upon knowledge and learning, open source assumes no boundaries or limits as regards ownership and application of code. How knowledge and learning are created, obtained, and applied is essentially a heuristic endeavor, i.e. an endeavor involving active learning. E-learning and open source therefore are based upon key assumptions that comprise what is generally known as constructivism. Figure 1 contains elements of constructivism that are shared between e-learning and open source. 
Constructivism Elements
• Collaboration • Cooperation • Exploration •
Figure 1: Elements of Constructivism Shared by E-Learning and Open Source
Constructivism and Dewey's Pragmatism and Instrumentalism
The freedom to adapt to changing circumstances and to derive meaning from it is a thread that also runs through pragmatism and instrumentalism (as Dewey understood them). Dewey's "Reflex Arc" for example, assumes a series of or a continuum of responses on the part of the learner as opposed to a response per se. Dewey's paradigm strongly inferred adaptation that was developmental or incremental as opposed to random or chaotic. Constructivism likewise implies a developmental or incremental process -the change in meaning is constructed instead of occurring simultaneously or randomly.
These concepts underlie the paradigm of the active learner. It is worth noting that the nomenclature (words like "construct" and terms like "Reflex Arc") have an ambience of architecture or construction and connote that something is being built. According to Dewey and under constructivism, the learner is active -creating and not just responding, indeed one might suggest that at a certain point the boundary between responding and creating becomes essentially indistinguishable.
Given this insight and coupled with the convergence of media that characterizes e-learning, it is plausible to suggest that e-learning is essentially akin to open source. In general, under e-learning the experience for the learner becomes open-ended because the content to be learned eventually takes on a new meaning for each learner who encounters it. Similarly, under open source the code encountered by an end user takes on a new meaning for that end user as that code is adapted to the specific needs and desires of that end user.
Yet the process is not completely private or idiosyncratic. Learning must be placed in contextan essentially social process. Code likewise must also be placed in context -it must successfully synergize with other code as well as software and hardware (a socializing process of sorts).
The conceptual fit between e-learning and open source thus indicates that using open source as a metaphor for e-learning is indeed a promising avenue to more fully understand e-learning.
Conclusion
This paper proposed that open source offers a convenient and potentially beneficial metaphor for e-learning. Firstly, both concepts involve naturalistic processes that are embedded in the same milieu: cyberspace, the digital world, and the human mind. Secondly, both concepts are expressions or manifestations of the same philosophical foundations: constructivism and its underlying foundations as well as pragmatism and instrumentalism as originally articulated by John Dewey. This paper recommends that the use of open source as metaphor for e-learning be more fully explored.
That exploration should focus upon open source as a metaphor for instructional practices -design and delivery, instructional platforms -technologies, and instructional philosophy of e-learning.
The key questions that deserve attention in the area of instructional practices -design and delivery are:
1. Is e-learning essentially a heuristic experience within the context of a shared repertoire of communal resources (routines, sensibilities, artifacts, vocabulary, styles, etc.) that members have developed over time?
2. What does this suggest as regards the design of e-learning?
3. What does this suggest as regards the provision or the delivery of e-learning?
The key questions that deserve attention in the area of instructional platform -technologies are:
1. Given the open source metaphor is the "commonweal" issue, does e-learning occur in a place, and if so is that place private or public?
2. What if e-learning essentially occurs in the human mind? And if so, is the delivery platform a private or public good?
The key questions that deserve attention in the area of instructional philosophy are:
1. To what extent should e-learning involve automated processes that reduce access to, manipulation of, and capability to absorb knowledge/learning objects?
2. To what extent should e-learning adopt automated processes that increase access to, manipulation of, and capability to absorb knowledge/learning objects?
In addition to the key questions posed for researchers, the open source metaphor assumes transparency of knowledge/learning objects, processes, technology and participants. Likewise, elearning assumes a transparency of knowledge/learning objects, processes, technologies and participants. Are those transparencies analogous? Should they be? Those are questions that require attention from a social, historical, and philosophical perspective.
This paper has presented only a few of the potentially beneficial questions raised by the use of open source as a metaphor for e-learning. The metaphor has great promise and in addition to the questions there remains the work of constructing comprehensive or tentative working models including clearly defined and delineated components and synergies.
As model development moves from a "schemata" or Meta level of analysis to identification and measurement of constructs, the questions posed in this paper will be honed and methodological strategies will subsequently emerge. The journey towards robust, empirical, and analytical dialectic shall thus begin.
